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Abstract
Stimulated by recent experimental observation of X1(2900) just below the D¯1K threshold, we extend our
previous study of D¯1D S-wave bound state by vector meson exchange to D¯1K system as well as similar
D¯K1, D1K and DK1 systems to look for possible bound states. We find that the potential of DK1 is
attractive and strong enough to form bound states with mass around 3110 MeV for DK1(1270) and 3240
MeV for DK1(1400). D1K is also attractive but weaker, hardly enough to form bound states. While D¯K1
becomes further less attractive, the potential between D¯1K is the weakest, definitely too weak to form any
bound state, which excludes the recently observed X1(2900) to be a D¯1K bound state. We also give the
decay properties of the predicted DK1 bound states.
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I. INTRODUCTION
Two new open flavor states were recently reported by LHCb collaboration [1] in the D−K+
final state in B+ → D+D−K+ with statistical significance much larger than 5σ. The fitted masses
and widths are
X0(2900) :M = 2866.3± 6.5± 2.0MeV/c2
Γ = 57.2± 12.2± 4.1MeV/c2
X1(2900) :M = 2904.1± 4.8± 1.3MeV/c2
Γ = 110.3± 10.7± 4.3MeV/c2
with corresponding quantum numbers of JP = 0+ and 1−, respectively. They are very interesting
and of great importance since if confirmed to be real resonances instead of kinetic effects, each of
them consists of at least four (anti)quarks which are beyond the conventional quark model. Up
to now dozens of works have made efforts to understand these two states [2–20]. On one hand,
X0(2900) is explained as a csu¯d¯ compact tetraquark [2–5], but this explanation is disfavored by
explicit calculation of spectra using extended quark model [6]. On the other hand, X0(2900) is
also regarded as a molecule of D¯∗K∗ [7–11, 13, 14, 19]. Similarly, X1(2900) is explained as a
compact tetraquark [3, 7, 12–14, 19] or a D¯1K virtual state [10] . Besides, these exotic signals in
LHCb’s observation are explained as kinetic effect, namely, triangle singularity in Refs.[15, 16]. The
conflicts among these different interpretations suggest that more experimental results are needed
to pin down the nature of these states.
Since the discovery of χc0(3872) [21] in 2003, plenty of exotic states or candidates are observed
experimentally, many of which are close to certain hadron pair thresholds and are explained as
hadronic molecules [22]. Note that X0(2900) and X1(2900) are about 30 and 10 MeV below D¯
∗K∗
and D¯1K threshold, respectively. Therefore, it is natural to explore the existence of D¯
∗K∗ and
D¯1K molecules, which have already been explored in Refs. [7–10, 19] with different methods. In
our previous work [23] we applied the meson exchange model to DD1 system to investigate the
molecular explanation of Y (4260) and an exotic 1−+ molecule has been predicted. We now extend
the study to DK1 and D1K systems to look for possible bound states.
Actually, the states related to cs¯ have attract attention since the discovery of D∗s0(2317) [24,
25] which is explained as a DK molecule. See Ref. [26] for a review on the spectrum of DsJ
mesons. Besides the plenty of phenomenological researches, the direct and indirect calculations
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on lattice [27–30] provide strong evidences favoring the molecular explanation of D∗s0(2317), which
almost settles the dispute on the nature of D∗s0(2317). Based on this assumption, more kaonic
and charmed meson molecules, including D1K, are predicted, which are possible interpretations of
some observed DsJ states [31].
This work is organized as follows. In section II, the potentials of different systems are derived
and the binding energy of possible bound states are calculated. In section III, the decay patterns
of the predicted bound states are estimated. A brief summary is given in section IV.
II. THE POTENTIALS AND POSSIBLE BOUND STATES
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FIG. 1. Feynman diagrams for vector meson exchange between DK1 and D¯K1.
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FIG. 2. Feynman diagrams for vector meson exchange between KD1 and KD¯1.
The meson exchanged interactions for DK1 and D1K systems are illustrated in Figs.1, 2 re-
spectively. The relevant Lagrangians are collected in the following.
The couplings of heavy mesons and light vector meson can be described by the effective La-
grangians with the hidden gauge symmetry [32]. For D and D1 mesons, the Lagrangians read
explicitly [33]
LDDV = iβgV√
2
(
Db
↔
∂ µ D
†
a −Da
↔
∂ µ D
†
b
)
V µba (1)
LD1D1V =
iβ2gV√
2
(
Dν1b
↔
∂ µ D
†
1aν −D1aν
↔
∂ µ D
ν†
1b
)
V µba (2)
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where
D(1) = (D
0
(1), D
+
(1), D
+
s(1)) (3)
V =

1√
2
ρ0 + 1√
2
ω ρ+ K∗+
ρ− − 1√
2
ρ0 + 1√
2
ω K∗0
K∗− K¯∗0 −φ
 (4)
with gV = 5.8 [34] and β = 0.9 [35]. As analysed in Ref. [23], β2 ≈ −β. Here we have taken the
ideal mixing between ω0 and ω8.
In the light meson sector, the nature of K1(1270) and K1(1400), conventional qq¯ mesons [36–
43] or dynamical generated resonances [44–46], is still controversial and in this work we adopt the
former one. Due to the mass difference between u/d and s quarks, the axialvector K1A (
3P1 state)
and pseudovector K1B (
1P1 state) mix and generate the two physical resonances K1(1270) and
K1(1400). Following Ref. [42] the mixing is parameterized as
 |K1(1270)〉
|K1(1400)〉
 =
 cosφ −i sinφ
−i sinφ cosφ
 |K1A〉
|K1B〉
 (5)
with the mixing angle φ determined to be (56.4± 4.3)◦.
From chiral perturbation theory, the pseudoscalar-pseudoscalar-vector coupling reads
LPPV = i
√
2GV Tr ([∂µP, P ]V
µ) . (6)
and analogously,
LAAV = i
√
2G′V Tr ([∂µA
ν , Aν ]V
µ) (7)
LBBV = i
√
2G′V Tr ([∂µB
ν , Bν ]V
µ) (8)
with
P =

1√
2
pi0 + 1√
6
η8 pi
+ K+
pi− − 1√
2
pi0 + 1√
6
η8 K
0
K− K¯0 − 2√
6
η8
 , A(B) =

∗ ∗ K+1A(B)
∗ ∗ K01A(B)
K−1A(B) K¯
0
1A(B) ∗
 . (9)
4
TABLE I. Constants in Eq.(14) for different systems. fI is the isospin factors with I = 0 or 1. ρ and ω are
the exchanged particles. gD/K stands for the D(1)D(1)V/K(1)K(1)V coupling constants.
f0 f1
gD gK
ρ ω ρ ω
DK1 3 1 -1 1 βgV /
√
2 −GV
DK¯1 -3 1 1 1 βgV /
√
2 GV
D1K 3 1 -1 1 −βgV /
√
2 GV
D1K¯ -3 1 1 1 −βgV /
√
2 −GV
The coupling constant GV ≈ 3.0 was estimated from the decay width of ρ→ pipi [47] and we adopt
the approximation |G′V| ≈ GV. Note that the irrelevant axialvector and pseudovector states are
not shown explicitly in the corresponding multiplet and represented by “*”. Expanding Eq.(6) we
obtain the couplings between KKV ,
LρKK = iGV
[
K¯~τ (∂µK)−
(
∂µK¯
)
~τK
] · ~ρµ, (10)
LωKK = iGV
[
K¯ (∂µK)−
(
∂µK¯
)
K
]
ωµ, (11)
LφKK = −
√
2iGV
[
K¯ (∂µK)−
(
∂µK¯
)
K
]
φµ (12)
with
K =
 K+
K0
 , K¯ = (K−, K¯0) and ~ρ = (ρ+ + ρ−√
2
,
ρ− − ρ+
i
√
2
, ρ0
)
(13)
and ~τ the Pauli matrices in isospin space. The coupling between K1K1V has the same form as
Eqs.(10,11,12).
The potentials in momentum space are
V˜ (q) = fIgDgK
1
|q|2 +m2V
(14)
where the involved constants are listed in Tab.(I). A form factor should be introduced at each
vertex to account for the finite size of the involved mesons. Here we take the commonly used
monopole form factor
F (q,m,Λ) =
Λ2 −m2
Λ2 − q2 , (15)
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which in coordinate space can be looked upon as a spherical source of the exchanged mesons [48].
The potentials in coordinate space can be obtained by Fourier transformation of Eq.(14), together
with the form factor Eq.(15),
V (r,mV) = fI gD gK
(
mVY (mVr)− ΛY (Λr)− 1
2
(Λ2 −m2V)rY (Λr)
)
. (16)
The Schro¨dinger equations for the potentials in Eq.(16) can be solved numerically. Let’s first
focus on the isovector system. For DK1 or D1K system, ρ and ω exchanges have opposite contribu-
tions, leading to an almost vanishing potential due to the their degenerated masses, while for DK¯1
or D1K¯ system, both ρ and ω exchanges yield repulsive potentials. Therefore, no isovector bound
states are possible. Isoscalar systems are easier to form bound states. For DK1 or D1K system,
both ρ and ω exchanges yield attractive potentials. For DK¯1 or D1K¯, the attractive potential from
ρ exchange is about three times of the repulsive potential from ω exchange, resulting in a total
attractive potential that is about 1/2 of that of DK1 or D1K systems. The binding energies of
different systems from numerical calculation are shown in Fig.(3). We can see that when Λ & 1.5
GeV, DK1 can form bound states while for D1K a much larger Λ & 2.6 GeV is needed due to the
smaller reduced mass. For the DK¯1 system, bound states are possible only when Λ & 3.0 GeV,
which is far beyond the empirical region of the cutoff, say 1 ∼ 2 GeV. We fail to find any bound
states of D1K¯ with any Λ value. It is worth mentioning that the X1(2900) with J
P = 1− might
be related to D¯1K system since they can couple in S-wave and the mass of X1(2900) is just 10
MeV below the threshold of D¯1K but our result excludes the possibility of explaining X1(2900) as
a D¯1K molecule.
These calculation can be easily extended to the B1K and BK1 cases. The interactions should
be the same due to the heavy quark symmetry. For B1K, the reduced mass is almost the same as
that of B1K and hence a large cutoff Λ & 2.6 GeV is needed to produce bound states. While for
BK1, the reduced mass gets larger than that of DK1 and hence deeper bound states than DK1
are expected. For example, the binding energy of DK1(1400) and BK1(1400) are 15 and 50 MeV
when Λ = 1.8 GeV.
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FIG. 3. Binding energies v.s. cutoff Λ for different isoscalar systems.
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FIG. 4. Two-body and three-body decays of molecules composed of DK1.
III. THE DECAY PROPERTIES OF DK1 MOLECULES
With reasonable cutoff we obtain the possible bound states of DK1(1400) and DK1(1270),
denoted by X, whose binding energies lie in the range of 0 ∼ 30 MeV. It is now desirable to estimate
the decay patterns of the predicted molecular states to provide some guidance of their experimental
search. We assume that such molecules decay through their components as illustrated in Fig.4.
Since K1’s have quite large decay widths, we assume that the three-body decays of molecules are
dominated by the one shown in Fig.4 where P, V = pi,K∗ or K, ρ/ω. All possible two-body strong
decay channels are listed in Table II. Note that some exchanged particles in this table are marked
by underlines because these diagrams are expected to have much smaller contributions than others.
Therefore, we do not consider these diagrams for simplicity.
The coupling between a molecule and its components can be estimated model-independently
via Weinberg compositeness criterion [49, 50], namely,
LXDK1 = yXµD†K†1µ + h.c. (17)
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TABLE II. Two-body decay channels for the DK1 molecule states considered in our calculation. Diagrams
with heavier exchanged particles marked by underlines are much smaller and dropped in our calculation.
Final states Exchanged particles
D∗K∗ pi
DK, D∗K, DK∗ D1K ρ, ω
D∗sη, D∗sη′, Dsη, Dsη′ K∗, D∗
D∗sω K, K∗, D, D∗
D∗sφ K, K∗
with
y2 = 16pi(mD +mK1)
5/2
√
2Eb
mDmK1
. (18)
In the following the binding energy will be fixed to Eb = 20 MeV since Eq.(18) mainly contributes
an overall factor to the total decay width and has little effect on the branching ratios of different
channels.
To describe the transition from DK1 to final states, the following Lagrangians, besides the ones
introduced in the previous section, are needed.
LAPV = ia Tr(Aµ[V µ, P ]), (19)
LBPV = b Tr(Bµ{V µ, P}) (20)
LAV V = a′αβγδ
(
∂αK
+
1,Aβρ
−
γ K¯
∗0
δ + ∂αK
−
1,Aβρ
+
γK
∗0
δ + · · ·
)
(21)
LBV V = ib′αβγδ
(
∂αK
+
1,Bβρ
−
γ K¯
∗0
δ − ∂αK−1,Bβρ+γK∗0δ + · · ·
)
(22)
LDD∗P = −2g
fpi
√
mDmD∗
(
Db (∂µPba)D
∗µ†
a −D∗µ†a (∂µPab)Db
)
(23)
LD∗DV = i
√
2λgV αβγδ
(
(∂δDa)(∂
αV βab)D
∗†γ
b −Da(∂αV βab)(∂δD∗†γb )
)
+ h.c. (24)
where the coupling constants are g = 0.3 ∼ 0.6 [32], fpi = 132 MeV, λ = 0.6 GeV−1 [51]. In
Ref. [42] the coupling constants corresponding to the mixing angle φ = (56.4± 4.3)◦ are estimated
to be a ≈ 1.92 ± 0.09 GeV and b ≈ −2.47 ± 0.08 GeV. The coupling constants after mixing are
listed in Tab.(III). Unlike a and b determined by partial decay widths of K1, no direct experimental
results are available for a′ and b′ and we use a quark model approach to estimate them as presented
in the Appendix.
8
TABLE III. Coupling constants of K1(1400)/K1(1270)PV .
K1(1400) K1(1270)
Kρ −a sin(φ)− b cos(φ) a cos(φ)− b sin(φ)
Kω
√
1/2(−a sin(φ)− b cos(φ)) √1/2(a cos(φ)− b sin(φ))
Kφ a sin(φ)− b cos(φ) a cos(φ) + b sin(φ)
K∗pi a sin(φ)− b cos(φ) a cos(φ) + b sin(φ)
K∗η8
√
3/2 a sin(φ) +
√
1/6 b cos(φ) −√3/2 a cos(φ) +√1/6 b sin(φ)
K∗η0 −
√
4/3 b cos(φ) −√4/3 b sin(φ)
When performing the loop integral in the triangle diagram of two-body decays, a Gaussian form
factor
F0(p,Λ0) = e
−p2/Λ20 (25)
and a monopole form factor, Eq.(15), are introduced to the XDK1 vertex and the propagator of
the exchanged particle A, respectively. p is the three-momentum of the components in the rest
frame of the molecule and Λ0 plays the role of cutting high momentum components off in the wave
function of the molecule.
The results for partial widths of the molecules are listed in Table IV and Table V. In our model,
the absolute values of widths may suffer some uncertainty, resulting from the uncertainty of coupling
constants as well as the choice of cutoffs. The former just mainly gives a scaling factor to channels
with large phase space. The latter one may change the branching ratios of different channels but it
turns out that the dominance of some decay channels is not influenced by the cutoffs. Due to the
mixture nature ofK1(1400) andK1(1270), the couplings ofK1Kρ/ω andK1K
∗pi are quite different.
For the DK1(1400) molecule, three-body channel DK
∗pi dominates and D∗K∗ channel also has
considerable contribution due to the pi exchange. While for the DK1(1270) molecule, the partial
decay widths to D∗K, DK, D1K, D∗sη and D∗sω channels are not that small as the K1(1400) case
because of the much larger coupling ofK1(1270)Kρ/ω. Meanwhile the width of three-body channels
become much smaller because of either small coupling of K1(1270)Kpi or vanishing phase space
for DKρ/ω and DK∗0 (1430)pi. The finite width of ρ or K∗0 (1430) needs to be considered because
DK1(1270) molecule lies below the threshold of DKρ or DK
∗
0 (1430)pi but ρ and K
∗
0 (1430) have
quite large width. Here we consider the four body decay, DK1(1270) → DKρ(DK∗0pi) → DKpipi
and refer to Ref. [52] for elegant calculations of phase space integration.
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TABLE IV. Partial decay width of the predicted DK1(1400) molecule. Here cutoffs are in unit of GeV while
widths are in unity of MeV. αEβ means α × 10β . For the DK∗ channel, the sign of a′b′ is not determined
and the results for both case are listed here.
Final states
Λ0 = 0.6 Λ0 = 1.0
Λ = 1.5 Λ = 2.0 Λ = 100 Λ = 1.5 Λ = 2.0 Λ = 100
D∗K∗ 3.15 4.42 7.70 6.09 9.06 18.8
D∗K 7.1E-4 2.1E-3 0.010 1.9E-3 6.2E-3 0.035
DK∗ (a′b′ > 0) 7.1E-3 0.012 0.11 0.020 0.068 0.48
DK∗ (a′b′ < 0) 3.7E-6 6.0E-6 5.7E-5 1.0E-5 3.5E-5 2.5E-4
DK 1.4E-4 3.4E-4 7.8E-4 9.5E-4 2.2E-3 3.3E-3
Dsη 8.6E-4 2.2E-3 4.1E-3 6.3E-3 0.017 0.022
Dsη
′ 9.7E-4 2.3E-3 3.7E-3 5.9E-3 0.015 0.019
D∗sη 6.8E-3 0.025 0.12 0.018 0.069 0.44
D∗sη′ 5.7E-3 0.020 0.096 0.014 0.055 0.33
D1K 3.1E-3 6.0E-3 0.013 8.5E-3 0.018 0.048
D∗sω 2.9E-3 4.9E-3 0.011 6.2E-3 0.011 0.030
D∗sφ 0.47 0.73 1.35 0.83 1.38 3.11
DKρ 0.049
DKω 0.015
DK∗pi 27.0
Total 31 32 36 34 38 50
IV. SUMMARY AND DISCUSSION
In this work we have calculate the potential between DK1 or D1K systems to check if they
are possible to form bound states. The interaction between these components are described by
vector meson exchange model with effective Lagrangians. It turns out that for isoscalar systems,
DK1 or D1K are attractive but only the former are possible to form bound states if the cutoff lies
in empirical region. Isovector systems have either repulsive or too weak attractive potentials and
therefore, no bound states are expected. The X1(2900), recently reported by LHCb collaboration,
makes it meaningful to explore the possibility of D¯1K bound states since they can couple in S-
wave and X1(2900) lies just about 10 MeV below D¯1K threshold. Our results show that D¯1K
system, no matter isoscalar or isovector, can not be bound together via one meson exchange and
the explanation of X1(2900) as a D¯1K is disfavored.
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TABLE V. Partial decay width of the predicted DK1(1270) molecule. Same captions as Tab.(IV)
Final states
Λ0 = 0.6 Λ0 = 1.0
Λ = 1.5 Λ = 2.0 Λ = 100 Λ = 1.5 Λ = 2.0 Λ = 100
D∗K∗ 0.63 0.81 1.22 1.00 1.37 2.38
D∗K 0.22 0.62 2.50 0.53 1.58 7.74
DK∗ (a′b′ > 0) 1.5E-3 1.5E-3 0.024 2.6E-3 0.022 0.090
DK∗ (a′b′ < 0) 9.0E-3 9.4E-3 0.016 0.015 0.13 0.54
DK 0.047 0.11 0.22 0.26 0.58 0.87
Dsη 3.4E-3 8.5E-3 0.014 0.021 0.055 0.072
Dsη
′ 2.6E-3 5.7E-3 8.7E-3 0.013 0.031 0.040
D∗sη 0.025 0.084 0.37 0.056 0.21 1.14
D∗sη′ 3.3E-3 9.7E-3 0.033 6.6E-3 0.021 0.092
D1K 0.96 1.72 3.43 2.25 4.39 10.9
D∗sω 0.77 1.20 2.30 1.37 2.31 5.26
DKρ→ DKpipi 4.56
DK∗pi 3.32
DpiK∗0 (1430)→ DKpipi 5.69
Total 16 18 24 19 24 42
The decay properties of the predicted isoscalar DK1 molecules are calculated by applying
Weinberg compositeness criterion. For the DK1(1400) bound state, due to the large width of
K1(1400) → K∗pi, the three-body channel DK∗pi dominates the total width of the bound states.
Besides, D∗K∗ and D∗sφ channels are also good places to search for the predicted molecule. While
for the DK1(1270) bound state, it may be rewarding to look at the D
∗K∗, D∗K, D1K, D∗sω and
DK∗pi channels.
The heavy quark symmetry allows one to predicted the corresponding bound states of BK1
systems, whose binding energy are around 50 MeV and the decay behaviors should be similar to
those of DK1 bound states.
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Appendix A: Estimation of gK1K∗V
1. Effective Lagrangian on Hadron Level
The coupling of K1KV on hadron level can be constructed as
LAPV = iaTr (Aµ [V µ, P ]) = −iaK+1,Aµρµ−K¯0 + · · · (A1)
LBPV = bTr (Bµ {V µ, P}) = bK+1,Bµρµ−K¯0 + · · · (A2)
while for K1K
∗V ,
LAV V =a′αβγδ
(
∂αK
+
1,Aβρ
−
γ K¯
∗0
δ + ∂αK
−
1,Aβρ
+
γK
∗0
δ + · · ·
)
(A3)
LBV V =ib′αβγδ
(
∂αK
+
1,Bβρ
−
γ K¯
∗0
δ − ∂αK−1,Bβρ+γK∗0δ + · · ·
)
.. (A4)
We now aim at estimating a′, b′ from a, b. Considering the mixing, Eq.(5), we have
gK1(1270)K∗ρ =(a
′ cosϕ+ b′ sin(ϕ)) (A5)
gK1(1400)K∗ρ =i(b
′ cosϕ− a′ sin(ϕ)). (A6)
In the nonrelativistic (NR) limit, the squared amplitudes after sum of polarizations read
1
3
∑
|M|2 ≈
 (a or b)2 for K1 → Kρ(a′ or b′)2m2K1 for K1 → K∗ρ (A7)
2. Effective Lagrangian from Quark Model
Analogous to the quark model describing γN interaction, see Ref. [53] for a detailed discussion,
the effective coupling of K1K
(∗)V (essentially qqV and we take ρ meson as an example) can be
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constructed as
L = g [2isj · (k × ρ) + 2p · ρ] (A8)
with g the coupling constant, s the spin operator, ρ the vector field, k the 3-momentum of the
vector and q the 3-momentum of the quark. This Lagrangian can be derived from the quark level.
For a free fermion the Hamiltonian reads
Hfree =
p2
2m
=
/p/p
2m
. (A9)
We introduced the coupling of a vector field to the quark by the following remedy,
H =
(/p− g/ρ)(/p− g/ρ)
2m
= Hfree +Hint (A10)
where
Hint ≈ −g(/p/ρ+ /ρ/p) (A11)
with
ρµ(x) =
∫
d3k
(2pi)3
1√
2Ek
(
µ(k)ake
−ip·x + ∗µ(k)a
†
ke
ik·x
)∣∣∣∣
k0=Ek
(A12)
After contracting with the external vector meson we have
Hint ∝ −g e
ik·x
√
2k0
(2p · ∗ + /k/∗). (A13)
Considering the Dirac representation of γ matrices
γ0 =
 1 0
0 −1
 , γi =
 0 σi
−σi 0
 , αi = γ0γi =
 0 σi
σi 0
 , (A14)
we obtain
Hint ∝ g e
ik·x
√
2k0
[
2p · ∗ + iσ · (k × ∗)− 2(p0∗0 + k0∗0) + (k0∗ − ∗0k) ·α] (A15)
In the NR limit, 0 = 0, k0 = mρ and 
∗ · α mix the large and small components of the spinor.
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After omitting these terms we obtain
Hint ∝ g e
ik·x√
2mρ
[2p · ∗ + iσ · (k × ∗)]
∝ eik·x [2p · ∗ + iσ · (k × ∗)] . (A16)
Note that the first term flips Lz while the second one flips Sz.
The wave functions of related particles are collected in the following
|K1A(1,m)〉 =
∑
m1+m2=m
〈1,m1, 1,m2|1,m〉Ψ1,m1χ1,m2 (A17)
|K1B(1,m)〉 =Ψ1,mχ0,0 (A18)
|ρ(1,m)〉 =χ1,m (A19)
|K〉 =Ψ0,0χ0,0 (A20)
|K∗(1,m)〉 =Ψ0,0χ1,m (A21)
where Ψ and χ represent the spatial and spin wave functions, respectively. Then let’s fix the
kinetics. K1A/B decays into K
(∗)ρ where K1 is at rest with P = (mK1 , 0, 0, 0) and ρ flies along the
z−axis with k = (mρ, 0, 0, k). The polarization of ρ, represented by the  in the Lagrangian, reads
explicitly
(1) =
1√
2
(1, i, 0) (A22)
(0) =(0, 0, 1) (A23)
(−1) = 1√
2
(1,−i, 0) (A24)
and in turn
2p · ∗ + iσ · (k × ∗) =

√
2p− − k√2σ− for (1)
2pz for (0)
√
2p+ +
k√
2
σ+ for (−1)
(A25)
with σ± = σx ± iσy and p± = px ± ipy.
Now the calculation of the amplitude of K1A/B → K(∗)ρ is straightforward. Let’s first define
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the following constants
l− =
∣∣∣〈Ψ0,0|e−ikz√2p−|Ψ1,1〉∣∣∣2 (A26)
l+ =
∣∣∣〈Ψ0,0|e−ikz√2p+|Ψ1,−1〉∣∣∣2 (A27)
l0 =
∣∣∣〈Ψ0,0|e−ikz2pz|Ψ1,0〉∣∣∣2 (A28)
s0 =
∣∣∣∣ k2√2〈Ψ0,0|e−ikz|Ψ1,0〉
∣∣∣∣2 (A29)
and then we have
1
3
∑
|M|2 =

2
3s0 = a
2 for K1A → Kρ
1
3(l+ + l− + l0) = b
2 for K1B → Kρ
1
3
(
s0 +
1
2(l+ + l− + l0)
)
= 2a
′2m2K1A for K1A → K∗ρ
1
3s0 = 2b
′2m2K1B for K1B → K∗ρ
(A30)
a = 1.92 GeV, b = −2.47 GeV, mK1A = 1.36 GeV and mK1B = 1.31 GeV as inputs yield |a′| = 1.15
and |b′| = 0.73. The relative sign of a′ and b′ can not be determined within this model.
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